This paper provides an overview of the NASA Aviation Safety Programgoals, structure, and integration with the rest of the aviation community.
1.0INTRODUCTION
The worldwide commercial aviation major accident rate (as judged by hull losses per million departures) has been nearly constant over the past 2 decades. Although the rate is very low, increasing traffic over the years has resulted in the absolute number of accidents also increasing.
The worldwide demand for air travel is expected to increase even further over the coming 2 decades----doubling or tripling by 2017 with the requirement for $1 trillion in new aircraft deliveries. Without an improvement in the accident rate, such a traffic volume would lead to 50 or more major accidents a year--a nearly weekly occurrence (Fig. 1) . Given the very visible, damaging, and tragic effects of even a single major accident, this number of accidents would clearly have an unacceptable impact upon the public's confidence in the aviation system and impede the anticipated growth of the commercial air-travel market. The safety of the general aviation (GA) system is also critically important. The current GA accident rate is many times greater than that of scheduled commercial transport operations. With the GA market also poised to grow significantly in future years, safety considerations must be removed as a barrier if this growth is to be realized.
To aggressively address these issues, President Clinton announced in February 1997 a national goal to reduce the fatal accident rate for aviation by 80 percent within 10 years. This national aviation safety goal is an ambitious and clear challenge to the aviation community. NASA immediately responded with a major program planning effort to define the appropriate research to be conducted by the Agency. This effort was initiated by the NASA Aviation Safety Investment Strategy Team (ASIST), which sponsored four industry-and government-wide workshops to define research needs. The planning effort lasted from February 1997 to April 1997, and involved over 100 industry, government, and academic organizations (Fig. 2) . Number 
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PROGRAM GOALS AND OBJECTIVES
The goat of the AvSP is derived from the NASA Aero-Space Technology Enterprise Strategic Goal, which in turn is derived from the President's National goal: The program has been divided into three investment areas in order to achieve the goals: Accident Prevention, Aviation System Monitoring and Modeling, and Accident Mitigation (Fig. 2 ). These three investment areas are supported by objectives and associated critical technology deliverables:
(1 
Aviation System Monitoring and Modeling
The Aviation System Monitoring and Modeling (ASMM) goal is to provide decision makers in air carders, air traffic management, and other air service providers with regular, accurate, and insightful measures of the health, performance, and safety of the National Aviation System (NAS). ASMM outputs will also provide technology and procedure developers with reliable predictions of the system-wide effects of the changes they are introducing into the aviation system. This capability will enable definition of operational and safety trends and the identification of developing conditions that could compromise NAS safety. It will also allow an industry-wide, and eventually a worldwide, proactive approach to identification and alleviation of life-threatening aviation conditions and events.
The three-foId approach of ASMM is to (1) develop systems and tools to provide data pertaining to all aspects of the NAS, (2) develop tools to analyze and characterize the NAS and identify situations that may indicate changes to levels of safety, and (3) provide worldwide capabilities to obtain, access, and share relevant data on the NAS to the aviation community.
The key attribute of all tools developed is that they will facilitate efficient and insightful analyses of all relevant data to identify causal factors, accident precursors, and unsuspected features in the data collected pertaining to the health, performance, and safety of the NAS.
System-Wide Accident Prevention
The System-Wide Accident Prevention (SWAP) goal is to address aviation safety issues associated with human error and procedural noncompliance. Human error is attributed as a factor in 60-to 80-percent of aviation accidents, depending on estimate sources. Reducing or mitigating human error effects will result in significant aviation accident rate reductions. This element will pursue research activities in the following areas: (1) human error modeling, 
Single Aircraft Accident Prevention
The Single Aircraft Accident Prevention (SAAP) goal is to develop and support the implementation of aircraft specific technologies that will reduce the fatal accident rate in accordance with program goals. Two accident categories that the SAAP Project will directly address are loss of control in flight and aircraft system/component failures. Based upon accident data, loss of control in flight is a leading category of fatal accidents. Conversely, while system failures are not often cited as the primary cause of an accident, a system failure or malfunction is often cited across accident categories as the initiating occurrence that set off the sequence of events whichledto theaccident. Additionally, as systems--and, in particular, flight critical systems--become more integrated and complex, current processes for certification of these systems will become inadequate.
SAAP will support the development of new methods to efficiently validate and verify complex flight critical systems. Human factor considerations cut across all these categories and concerns and will be an integral part of the technology development process. Vehicle classes addressed in the SAAP element are transports, rotorcraft, and GA. This element will pursue research activities in the following technology areas: (1) vehicle health management and flight critical systems design, (2) propulsion health management, and (3) control upset prevention and recovery. VehicIe health management and flight critical systems design will develop intervention techniques that detect system component degradation trends before they result in catastrophic failures. Formal methods for certification of complex flight critical system will also be developed. Similarly, propulsion health management will focus on development of propulsion system specific technologies intended to detect potential failures before they become catastrophic.
Control upset prevention and recovery will develop technologies to prevent loss-of-control-type accidents due to aircraft upset after inadvertently entering an extreme or abnormal flight attitude. Loss of Control as considered by this element may be due to turbulent weather, pilot disorientation, or a system failure. Close coordination with other projects is required to ensure that the technology development activities for control system failure detection, pilot interfaces, and information transfer techniques are synergistic.
Weather Accident Prevention
The Weather Accident Prevention (WxAP) goal is to develop and support the implementation of technologies that will reduce the fatal accident rate induced by weather hazards. This reduction is to be accomplished for commercial, general aviation, and rotorcraft sectors, given projected capacity increases and while either maintaining or improving efficiency.
Weather is a factor in approximately 30 percent of aviation accidents. In addition, the majority of CFIT and GA "loss of control" accidents are considered to be visibilityinduced crew error, where better weather information or better pilot vision would have been a substantial mitigating factor. The key objective of this research element is to provide complete weather information and situational awareness to pilots and ground operators in any atmospheric condition that affects the operation and safety of an aircraft. The WxAP element will pursue research activities in the following technology areas: (1) aviation weather information, and architectural concepts that will provide accurate and timely weather information to the cockpit for both national and international flight. Turbulence detection and mitigation will enhance forecasting tools by developing a total detection system and flight control techniques to mitigate the consequence of upsets due to all types of turbulence encounters, including clear air turbulence (CAT).
Accident Mitigation
The Accident Mitigation (AM) goal is to develop, enable, and promote the implementation of technologies that will increase the human survival rate in survivable accidents, and to prevent in-flight fires. To reach the NASA AvSP goal of reducing fatalities, the number of survivors must be increased in accidents that are of the severity level where some, but not all, passengers survive. Data show that for transports, half of all accidents involve serious injury and/or fatality, and half of those accidents are survivable (i.e., greater than three survivors).
Fatalities are the result of impact factors, fire/smoke, or some combination of both (e.g., nonfatal injuries that prevent escape and lead to being overcome by smoke). Further, in-flight fires account for 5 percent of all fatalities. Based on this background, the overall approach in AM is to reduce the physical crash dynamics hazards, minimize fire effects in order to allow more time for evacuation, and reliably detect and suppress in-flight fires. The AM element is targeted to all classes of aircraft. In the rotorcraft community, great progress has been made in improving rotorcraft crashworthiness. Fuel-fire prevention is presently limited to aircraft using jet-A fuel. The AM project activities will address the following areas: (I) systems approach to crashworthiness (including crash resistant fuel systems) and (2) fire prevention.
Systems approach tocrashworthiness will seek to limit hazards by focusing ontheimpact andcrash dynamics factors in accidents. A systems approach is required because of thesignificant interaction between contributing elements. Crash survivability is a function of impact flightconditions, impact surface, airframe response, seat response, restraint system performance, andoccupant response. Thus, theobjectives areto improve crashworthiness by a systems approach thatincludes validated analysis methodology, newstructural concepts andmaterials, safer cabininteriors, advanced restraint equipment, anddesign andinjurycriteriato enhance crashsafety. Additionally, theobjective to minimize post-crash fireswill beapproached by developingtechnology (andleveraging DoDtechnology) to minimize fuelspillage in a crashsituation.
Fireprevention will develop, leverage, anddemonstrate technology for limitinghazards dueto fire.Firerelated accident mitigation fallsintotwo categories: post-accident andin-flight.In theformer, humans are overcome bysmoke (orthefireitself)before theycanescape. Suchfiresareoftenfedby pools of spilledfuel ontheground, andinvolvecombustion of cabininterior materials aswell.Thelattercategory involves fuelrelated explosions, aswellasdetection andsuppression of fireswithinthecargo holdor cabin. Preliminary dataindicate thatpresent detection technology involves anunacceptably highrateof falsealarms. Thus, the objectives aretoprevent post-crash fuel-fed firesandin-flightfuel-related fires(explosions) viafuelmodificationsor inerting, minimizing thefire-heat release fromcabin materials, andreliablydetecting andsuppressing cargo compartment fires.
Synthetic Vision
Limited visibility is the single most critical factor affecting both the safety and capacity of worldwide aviation operations.
In commercial aviation, over 30 percent of all fatal accidents worldwide, and the leading cause of total fatalities, are categorized as CFIT--accidents in which a functioning aircraft impacts terrain or obstacles that the flight crew could not see. In addition, the largest general aviation accident category is 'Con- 
PARTNERSHIP
The AvSP will bring customers into all phases of the program as partners. Current customers and partners for the Aviation Safety Program include the FAA, airlines, operators, airframe manufacturers, engine companies, airframe systems manufacturers, material suppliers, DoD, and academia. Special emphasis has been placed on establishing a strong partnership relationship with the FAA as the FAA is primarily responsible for the overall safety of the U.S. national aviation system. Theinvestment strategy process, recommended by ASIST, relied on customer involvement and input to identify critical thrusts. Subsequent workshops, again with customer involvement, provided more detailed analysis and insight to critical safety areas and potential solutions.
Just as the research and development planning process involved customers, the implementation process will be planned with NASA involvement, as appropriate.
For each program element and project, a "partnering" team will be established to plan and conduct the research and eventually to facilitate technology implementation. The AvSP will also remain sensitive to industry requirements through strategic involvement with the Commercial Aviation Safety Team (CAST). CAST is a group of senior Government and Industry commercial aviation leaders whose goal is to form a national safety agenda and a plan for making commercial aviation safer. CAST charters Joint Safety Analysis Teams (JSAT's) to analyze specific safety issues and recommend intervention opportunities.
The CAST/JSAT approach has been adopted as a key aspect of the FAA's "Safer Skies" Initiative.
A similar organization has been formed for General Aviation called the General Aviation Joint Steering Committee (GAJSC 
SUMMARY
This paper provided an overview of the NASA Aviation Safety Program goals, structure, technical content, and integration with the rest of the aviation community.
It is important to note that NASA will be developing technologies to enable manufacturers and operators to reduce the fatal aircraft accident rates when the technologies are implemented.
In order to ensure timely and effective implementation of the technologies, NASA will be coordinating its R&T efforts with the FAA at an unprecedented level of intensity and focus. NASA AvSP will also actively engage with manufacturers and operators to understand and work on the right industry requirements through CAST, GAJSC, and other forums.
